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AN ANTENNA DEVICE CONNECTABLE TO A MATING CONNECTOR 



FIELD OF INVENTION 

The present invention relates generally to antenna devices 
and more particularly to antenna devices adapted for mount- 
ing in radio communication devices such as mobile phones. 

BACKGROUND 

It is previously known antenna devices in mobile phones 
wherein the antenna is connected directly to the electric 
circuitry of the phone by means of different types of 
feeding lines or the like. However, this solution has 
several drawbacks, one of which is that the connection area 
normally is very limited, thus limiting the bandwidth. 
Also, the antenna is difficult and time-consuming to 
assemble. The connector itself contributes to the weight of 
the mobile phone. 

OBJECTS OF THE INVENTION 

An object of the present invention is to provide an antenna 
device than gathers all antenna patterns to one carrier. 

Another object is to provide an antenna device with an ex- 
tended RF connection possibility. 

Another object is to provide an antenna device with an easy 
and well-defined connection to other electric elements. 

Another object is to provide an antenna device wherein 
several antenna patterns are provided. 

Another object is to provide an antenna device wherein both 
an inbuilt antenna and an external antenna are provided. 
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SUMMARY OF THE INVENTION 

According to the invention there is provided an antenna de- 
vice correctable to a mating connector having an electri- 
cally conducting portion, said device comprising a frame, 
and a flexible film having a conducting layer comprising an 
antenna pattern thereon, said film being mounted on said 
frame, characterised by an elastic piece arranged, in mated 
position of the device, to exert a pressure on said film, 
thereby pressing the conducting layer on said film into 
contact with the electrically conducting portion of the 
mating connector. 

There is also provided a radio communication device com- 
prising such an antenna device. 

Further preferred embodiments are defined in the dependent 
claims . 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is now described, by way of example, with 
reference to the accompanying drawings, in which: 

fig. 1 is an perspective view of the different parts of a 
first embodiment of an antenna according to the invention; 

fig. 2 is a perspective view of the antenna device of fig. 
1 after assembly but before connection to a printed circuit 



fig. 3 is a longitudinal cross-section of the assembled 
antenna device of fig. 2 before connection to a printed 
circuit board; 



board; 



fig. 4 is a perspective view of the antenna device c 
2 after connection to a printed circuit board; 



f fig. 
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fig. 5 is a longitudinal cross-section cf the assembled 
antenna device of fig. 4 after connection to a printed cir- 
cuit board; 

fig. 6 is an perspective view of the different parts of a 
second embodiment of an antenna device according to the in- 
vention; 

fig. 7 is a perspective view of the antenna device of fig. 
6 in a first stage of assembly; 

fig. 3 is a perspective view cf the antenna device cf fig. 
6 in a second stage of assembly; 

fig. 9 is a perspective view of the antenna device of fig. 
6 in an assembled state; 

fig. 10 is a view showing the antenna device of fig. 9 just 
before mounting to a printed circuit board; 

fig. 11 is a view showing the antenna device of fig. 9 
mounted to the printed circuit board in a mobile phone cas- 
ing; 

fig. 12 is an perspective view of the different parts of a 
third embodiment of an antenna device according to the in- 
vention; 

fig. 13 is a longitudinal cross-secticn cf the antenna 
device of fig. 12 after assembly but before connection to a 
printed circuit board; 

fig. 14 is a perspective view from above of the antenna de- 
vice of fig. 12 in assembled state; 



fig. 15 is a perspective view from the underside of the an- 
tenna device of fig. 12 in assembled state; 
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fig. 16 is an perspective view of the different parts of a 
fourth embodiment of an antenna device according to the in- 
vention; 

fig. 17 is a detailed perspective view of a connection 
point to a rod antenna of the antenna device of fig. 16 be- 
fore assembly; 

fig. 18 is a detailed perspective view of a connection 
point to a rod antenna of the antenna device of fig. 16 in 
assembled state; and 

fig. 19 is a perspective view of the antenna device of fig. 
16 mounted in a mobile phone. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference is first made to fig. 1 wherein the main parts of 
a first embodiment of an antenna device according to the 
invention are shown. A main frame or body 10 of the antenna 
device is made of a non-conducting material such as a suit- 
able plastic material. The main frame has a flat, generally 
rectangular configuration. In one end, to the left in fig. 
1, the main frame has a thicker portion, designated 12 
wherein a female connector is located in the form of a 
recess or cut-in portion 14, the function of which will be 
described later. There are also two pins 16a, 16b for 
positioning of a flex film and a locking element, as will 
be described below. 

The flex film 20 is provided with an antenna pattern (not 
shown) . The film is rectangular and has a width essentially 
corresponding to the width of the main frame 10 and a 
length exceeding the length of the main frame. Close to one 
end thereof, the film 20 has two holes. 22a, 22b matching 
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the pins 16a, 16b of the main frame. During assembly, the 
film 20 is threaded ontc the pins in order to position the 
film relative to the main frame. At the same end as the 
holes, the film 20 is provided with two slits 24a, 24b 
together forming a tongue 2 6 that will be positioned 
directly above the recess 14 of the main frame. The tongue 
is provided with electrically conducting portions connected 
to the antenna pattern and facing the main frame. These 
conducting portions form the connecting elements of the 
connector of the antenna device, as will be described 



The antenna device also comprises an elongated, essentially 
circular element 30 made of an elastic material such as a 
foamed plastic, silicone or the like. The element 30 is 
sized to fit into the recess 14 of the main frame 10. There 
is also a locking element 40 made of plastic. The locking 
element has a recess 42 corresponding to the element 30 of 
the main frame. It is also provided with two holes 44a, 44b 
adapted for receiving the pins 16a, 16b of the main frame. 

Finally, there is a flexible sheet (not shown) with 
adhesive material for attaching the film 20 to the main 
frame 10. 

The assembly of the antenna device of fig. 1 will now be 
described with reference to figures 2 and 3. First, the 
film 20 is threaded onto the main frame 10 by means of the 
pins 16a, 16b and the corresponding holes 22a, 22b. Then, 
the element 30 is put into the recess 42 of the locking 
element 40 which is then fixed to the main frame 10 by 
means of the pins 16a, 16b and the holes 44a, 44b. The 
locking element 40 is fixed in place by means of heat stak- 
ing, mechanical deformation, glue or the like. 



below . 
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The film 20 is then wrapped around the locking element 40 
and fixed to the back of the main frame 10 by means of the 
adhesive sheet provided with an adhesive on both sides 
thereof. The antenna device will then have the shape shown 
in figures 2 and 3. In fig. 3 there is shown how the 
circular element 30 presses against the film 20 in the area 
of the recess 14. This pressure will be used in a connected 
position as will now be described with reference to figures 
4 and 5 . 

In figs. 4 and 5 is shown how the antenna device 2 has been 
slid onto a printed circuit board (PCB) 60 provided with an 
edge connector 62 with electrically conducting paths 64. 
The edge connecter 62 has a width essentially corresponding 
to the width of the female connector of the antenna device 
2, i.e., the width of the recess 14 in the main frame 10. 
The female connector of the antenna device formed by the 
recess 14 and the male edge connector 62 of the PCB are 
aligned and the antenna device 2 is then slid onto the PCB. 
The edge connector 62 then enters the recess 14, displacing 
the tongue 2 6 and compressing the element 30 during the 
entry process. Fully inserted the electrically conducting 
paths 64 of the edge connector 62 contacts the conducting 
portions of the tongue 2 6 by means of the pressure exerted 
by the compressed element 30, thus connecting the antenna 
element of the antenna device 2 to the electric circuitry 
of the PCB 60, e.g. the RF part of the electric circuitry 
of a mobile phone. 

The above-described solution provides several advantages. 
The antenna pattern can be varied within the dimensions 
given by the size of the main frame 10, thus enabling many 
different applications. Also, the antenna pattern can 
easily be changed during development or service without 
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affecting the final design. The size of the conducting 
paths 28, 64 of the female and male connectors, 
respectively, can be varied tc suit the application. It 
also gives a well-defined connecting area on the telephone 
PCB and a well-defined mechanical interface between the 
antenna and the telephone PCB, with a secure snap in fit 
there between. 

The male-female connector solution provides for the easy 
assembly of the antenna in the workshop of the manufac- 
turer. Finally, the easy assembly together with the small 
number of parts of the antenna device, they can be as few 
as three, provides an inexpensive solution. 

Another possibility is to provide an antenna pattern on 
both sides of the flex film, e.g. matching patterns. Also, 
electric components can be soldered to the flex film. 

The entire device is made of low weight materials, mainly 
plastics. This is an advantage especially in mobile phones. 

The antenna pattern and the telephone PCB are in different 
substantially parallel planes with a well-defined mutual 
distance. This is a preferred configuration in mobile 
phones wherein the PCB functions as a ground plane for the 
antenna. 

In the following, a seccnd embodiment of the present inven- 
tion will be described with reference to figures 6-10. Fig. 
6 shows the different parts of an antenna device, namely a 
main frame 110, a flex film 120 and a locking element 140. 
The main frame 110 is made of plastics. However, on the 
edges thereof there are provided strips 130 of an elastic 
material. During manufacturing, the strips 130 are provided 
on the main frame 110 by means of a double moulding 
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process, i.e., the main frame 110 is first made in a mould 
without the strips 130 and the strips are then moulded onto 
the main frame by means cf a second mould. 

The main frame 110 is also provided' with hooks 112 for snap 
fit with a printed circuit board, which will be described 
below with reference to fig. 10. There are also provided 
pins or protrusions 114a, 114b for positioning of the flex 
film 120 thereon. 

The flex film 120 is provided with a radiating pattern or 
antenna pattern 122 of some suitable conducting material. 
Four wings 124a-d extend from the central portion of the 
flex film 120, the widths of said wings being essentially' 
equal to the width of a respective side of the main frame 
110. The antenna pattern is connected to connecting paths 
close to the edges of the wings 124a-d, of which paths one 
126a shown in fig. 6. The flex film is also provided with 
two holes 128a, 128b adapted for receiving the pins 114a, 
114b for positioning of the flex film on the main frame 
110. 

The locking element 140 is essentially rectangular and 
sized to fit into the main frame 110. It is provided with 
protrusions on the sides thereof, of which two 142a, 142b 
are shown in the figures. 

The assembly of the parts shown in fig. 6 will now be ex- 
plained with reference to figs. 7-9. The flex film 120 is 
put on a flat surface with the antenna pattern and the con- 
necting paths facing down. The main frame 110 is then 
positioned on top of the flex film and centred thereon by 
means of the pins 114a, 114b and the holes 128a, 128b, see 
fig. 6. The four wings 124a-d of the flex film are in that 



WO 01724310 




■CT/SEOO/01804 



9 



position aligned with a respective side of the main frame 



The wings 124a-d are then wrapped tightly around the sides 
of the main frame 110, see fig. 8, and fixed thereto by 
means of an adhesive on the surface of the flex film 120 
facing the main frame 110. In that way, they cover the 
elastic strips 130 of the main frame. The ring-shaped lock- 
ing element 140 is then pressed down into the main frame, 
thereby further locking the wings 124a-d in position and 
preventing them from coming unglued should the adhesive 
fail. The locking element is fixed in place by means of the 
protrusions 142a, 142b and corresponding recesses in the 
main frame (not shown) . 

The assembled antenna device 102 is shown in fig. 9. The 
conducting paths 126a-d of the wings face upward in fig. 9, 
ready for contact with corresponding conducting paths on a 
PCS 160 adapted for mounting in a mobile phone casing 170, 
see figs. 10 and 11. In fig. 11, the antenna device 102 has 
been attached to the PCB 160 by means of the hooks 112 of 
the main frame 110. The elastic portions 130 of the main 
frame are then slightly compressed whereby they exert a 
pressure on the wings 124a-d covering them. In that way, 
the conducting paths 126a-d on the wings are pressed 
against corresponding conducting paths of the PCB 160, 
w hereby providing connection between the antenna pattern 
and the electric circuitry on the PCB 160, e.g., a RF part 
thereof . 

A third embodiment of an antenna device according to the 
invention will now be described with reference to figs. 12- 
15. In fig. 12, a main frame 210 is shown provided with a 
thicker portion 212 provided with an opening 214 adapted 



110. 
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for receiving an edge connecter 262 of a PCB 260, see fig. 



In fig, 12 is also shown a flex film 220 provided with an 
antenna pattern. It is also provided with electrically con- 
ducting paths 226 on a central narrower waist portion 224 
thereof. This central portion 224 has a width corresponding 
to the width of the opening 214 and is adapted to be in- 
serted therein from the underside of the main frame 210. 

An elongated locking element 240 is provided to position 
the flex film 220 in the opening 214. The locking element 
is provided with an elastic string 230 similar to that de- 
scribed in connection with the second embodiment. The lock- 
ing element also comprises two pins 242a, 242b adapted for 
co-operation with corresponding holes 228a, 228b in the 
flex film 220 in order to position the flex film. 

The assembly of the parts shown in fig. 12 will now be de- 
scribed. First, the flex film 220 is placed over the lock- 
ing element 240 positioned by means of holes 228a, 228b in 
the film and corresponding pins 242a, 242b on the locking 
element. The locking element 24 0 is then pressed into the 
opening 214 from below and fixed in place by means cf two 
resilient hooks 244a, 244b on the locking element that are 
seated in corresponding recesses in the opening 214 . The 
film is then attached to the main frame 210 by means of an 
adhesive or the like, which completes the assembly. 

In fig- 14, a PCB 260 is about to be inserted into the 
opening 214 of the main frame. The PCB is provided with an 
edge connector 262 with a width corresponding to that of 
the opening 214. The edge connector 262 is provided with 
conducting paths of the underside thereof (not shown in 



14. 
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fig. 14). In an inserted position of the PC3, see fig. 15, 
the elastic portion 230 presses the conducting paths 226 on 
the fiex film into contact with the conducting paths of the 
edge connector 260, thereby establishing electrical connec- 
tion between the antenna pattern and the PCB. 

An antenna pattern can be provided on both of the wider 
portions of the film 220 surrounding the waist portion 224. 
Thus, an advantage with the third embodiment described with 
reference to figs. 12-14 is the short distance from the 
connector conducting paths 226 cf the central waisz portion 
224 to the antenna pattern (s) cr. the film 220. 

A fourth embodiment cf an antenna device according to the 
invention will now be described with reference to figs. 16- 
19. This fourth embodiment is similar to the second embodi- 
ment but is also adapted for connection to a rod antenna. 
The main frame 310 is provided with a cut-out portion 312 
in one edge thereof and close to a corner. In an adjacent 
edge, close to the same corner, is a cut-out portion for a 
relatively narrow strip 322 of the flex film 320. The strip 
322 rests on a piece of elastic material 332 adapted for 
reception of an electrically conducting base portion 372 of 
a rod antenna 370. 

A locking element 340 is provided with a support 342 for 
the antenna base 372 in one corner thereof. The support is 
also provided with an elastic portion 344 for abutment of 
the antenna base. The locking element is further provided 
with four resilient hooks, of which two 346a, 346b are 
shown in fig. 17, for a snap-in function during assembly. 

The assembled antenna device is shown in fig. 18. The lock- 
ing element 340 has been snapped into place, thereby press- 
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ing the base portion 372 of the rod antenna 370 into con- 
tact with the strip 322, ensuring electrical contact be- 
tween the base portion and the flex film. 

In fig. 19, the antenna device 302 of fig. 18 is" shown 
mounted in a mobile phone casing 330. Thus, the antenna de- 
vice provides for easy and secure mounting of an extendible 
rod antenna together with an inbuilt antenna. 

Preferred embodiments of antenna devices comprising a con- 
nector assembly according to the invention have been de- 
scribed. The person skilled in the art realises that these 
could be varied within the scope of the invention as de- 
fined by the appended claims. 

Thus, in the first embodiment shown in figs. 1-5, there 
could be provided more than one recess 14 and corresponding 
tongues, elastic pieces and locking elements, thereby pro- 
viding more than one connector. In that way, the antenna 
device 2 could be connected to more than one PCB. 

The frame 110 of the second embodiment is shown with an 
square upper surface. However, the frame can have any suit- 
able shape such as triangular, rectangular etc. 

In the third embodiment shown in figs. 12-15, there is only 
one locking element. However, there could also be a locking 
element inserted into an opening in the frame from above, 
thereby making possible the use of double-sided edge con- 
nectors of the PCB. 

The expression mating connectors has been used in this 
application. This expression is intended to cover all types 
of electrical connectors. 
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CLAIMS 

1. An antenna device connectable to a mating connector 

having an electrically conducting portion, said device com- 
prising 

a frame (10; 110;210; 310) , and 

a flexible film (20 ; 120 ; 220 ; 320) having a conducting layer 
comprising an antenna pattern thereon, said film being 
mounted on said frame, 

characterised by 

an elastic piece ( 30 ; 130 ; 230 ; 330 ) arranged, in mated posi- 
tion of the device, to exert a pressure on said film, 
thereby pressing the conducting layer (28; 126) on said film 
into contact with the electrically conducting portion 
(64;162;262; 372) of the mating connector (62; 162;262; 372) . 

2. A device according to claim 1, character- 
ised in that said elastic piece ( 30 ; 130 ; 230 ; 330 ) 
is made of syntethic or natural rubber, preferably sili- 
cone, or foamed plastics. 

3. A device according to claim 1, character- 
ised in that said elastic piece ( 30 ; 130 ; 230 ; 330 ) 
is made of elastic string. 

4. A device according to any of the preceding claims, 
characterised in that both sides of said 
film (20; 120) have a conducting layer comprising an antenna 
pattern. 

5. A device according to any of the preceding claims, 
characterised in that said film 
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(20; 120; 220; 320) is mounted ro the frame ( 10; 110 ; 210 ; 310 ) 
by means of an adhesive. 

6. A device according to any of the preceding claims, 
characterised in that said frame (210;310) 
comprises location pins ( 16a, b; 114a, b) for positioning said 
film (220; 320) by means of corresponding holes 

(22a, b; 128a, b) in the film. 

7. A device according to any of the preceding claims, 
characterised by discrete electric components 
mounted on said film ( 20 ; 120 ; 220 ; 320 ) , preferably matching 
components for the antenna. 

3. a device according zo any of the preceding claims, 

characterised by electric components integrated 
into the conducting layer of said film (20; 120;220; 320) , 
preferably matching components for the antenna. 

9. a device according to any of the preceding claims, 
characterised by a locking element (40;240) for 
positioning said elastic piece (30;230). 

10. A device according to claim 9, character- 
ised in that said frame (10) comprises a thicker 
portion (12) having a recess (14) into which a part of the 
film (20) is pressed by means of the elastic piece (30), 
said piece being held in place by means of the locking ele- 
ment (40) . 

11. A device according to any of claims 1-8, char- 
acterised in that said frame (110) is essen- 
tially box shaped with four sides and in that said film 
(120) is fixed to the frame (110) by means of a locking 
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element: (140) pressing the film against the sides of the 
frame . 

12. A device according to claim II, character- 
ised in that said elastic piece (130) is attached 
to the edge of az least one of said sides and said film 
(120) is wrapped around the edge and around said elastic 
piece . 

13. a device according to any of claims 1-8, char- 
acterised in that said frame (210) having an 
ocening (214) adapted for receiving said film (220) and 
comprising said elastic piece (230) held in place by means 
of a locking element (240), wherein said opening is adapted 
for receiving the mating connector. 

14. a device according to any of claims 1-8, char- 
acterised in that said film (320) is provided 
with an extending strip (322) positioned on the elastic 
piece (332), wherein a locking element (340, 342, 344) is 
provided for pressing the mating connector (372) of a rod 
antenna (370) into contact with said strip (332) . 

15. a device according to any of claims 1-13, 
characterised in that said mating connector 
is provided on a printed circuit board (60;160;260) of a 
radio communication device . 

16. A device according to claim 15, charac- 
terised in that said antenna pattern is adapted 
to be mounted substantially parallel to and spaced apart 
from said printed circuit board ( 60 ; 160 ; 260 ) . 

17. A device according to claim 15 or 16, charac- 
terised in that said frame (110) comprises hook 
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means (112) for snap fitting to the printed circuit board 
(160). 

18. A device according to claim 15 or 16, charac- 
terised in that said mating connector is an edge 
connector (62;262) of the printed circuit board (60;260) . 

19. A device according to claim 17, character- 
ised in that said mating connector is conducting 
paths (162) of the printed circuit board (160) . 



20. A radio communication device, character- 

ised by an antenna device according to any of the pre- 
ceding claims. 
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Fig. 9 
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